PERIPHERAL NERVE INJURIES

J. S. ELLIS, Southampton
Until a few years ago anyone writing on this subject could be expected to repeat the views which had been accepted in this country for the previous twenty years. Our chief experience of handling peripheral nerve injuries arose from two world wars and we owe most of our knowledge to the meticulous study of the large number of cases centred in special units towards the end of the last war. Seddon's (1972) teaching concentrated and channelled all this experience and for most of us, the foundation of our views is based on this work. The result has been that, with some exceptions, the orthodox management recommended has been to secure early sound wound healing, identify the nature of the injury to the nerve, prevent the retraction of divided ends, maintain supple joints and return later for secondary repair.
The reasons for this view were that sepsis might arise from unwise primary surgery, that skilled surgeons might not be available and that the extent of axonal damage was clarified and the nerve sheath toughened by delay.
In war time it was, of course, to a large degree, a policy of expediency and it would not be unfair to say that many of us, at that time, were surprised to find evidence of success in spite of the necessary delay. The only way success can be measured is by results, and this produced the need for accurate assessment, and the grading of sensory and motor recovery published by the Medical Research Council was the yardstick by which the effectiveness of any repair was judged.
The changes that challenge these orthodox views have arisen from progress along several lines. Conditions in the National Health Service in peace time are such that most injured patients reach surgical help within a very short time. This and the development of antibiotics and perhaps even more, the realisation that contamination of wounds is more to be feared from hospital corridors than from motorways, has removed much of the fear of primary surgery. But perhaps most of all, an increasing lack of satisfaction in the quality of the results because of increasing awareness that numbers on the Medical Research Council scales give little indication of the function and usefulness of the hand. Moberg (1958 Moberg ( , 1972 has for long advocated a more subtle and sophisticated approach, particularly on the sensory side. His views of the hand as a sense organ and on the relation between sensation and power, which cannot be separated in judging the total function, have led to a more critical attitude towards the results of surgery.
Because the quality of the result of nerve suture must be directly related to the number of repaired axons which reach their correct destination these views have led to the search for greater refinement and accuracy of technique and with it a questioning of previous teaching on primary repair.
After suture of a peripheral nerve the individual axon can fail to grow distally either from scarring and blocking at the suture line or from inanition. A sensory fibre can reach the wrong end-organ or a motor fibre the wrong muscle. The chances of these mistakes seem so great that any success at all might be hailed with astonishment, and it would seem improbable that anything approaching a return to normal function could_.occur. And yet it does: in children, just such a degree of recovery can often be seen. This fact is certainly not explained by the use of more accurate technique. A generally enhanced capacity for repair may reasonably be expected in the young, but in addition it would seem that the better results they enjoy must also be due to an ability of young end-organs to accept and transmit in a less specific way than was thought, and for the brain to rearrange and interpret the messages it receives. In consequence, a search has been made for more sophisticated methods of judging sensibility, for increased refinements of technique in the management of nerve injuries, and for methods of training the patient to interpret correctly messages which are incorrect.
The quality of the sensory result can often be improved in this way. The patient gradually learns, by practice and experience with and without the help of his eyes, to interpret false messages correctly. It seems likely that this facility is much enhanced in children when the cerebral patterns are less rigidly established and can more easily be changed.
Electron microscopy has revealed more about the vascular supply of peripheral nerves, their structure and the nature of axonal regeneration, and improved methods of electrical examination have allowed us to study conduction rates and degrees of excitability of nerves which helps to measure both the amount and the quality of recovery.
PRIMARY OR SECONDARY SUTURE?
In all these ways progress is being made but in spite of this the basic arguments between primary and secondary suture continue. So although I started by implying that it was no longer good enough to repeat previously acceptable advice, we still come back to one of our starting points.
If our aim is, as it must be, to match axon to Schwann tube at a nerve suture we might be expected to do this better if we used some form of magnification. When we are young our vision is acute and when we are not our hands shake, so perhaps this is a young man's type of surgery. Such assistance should make the insertion of stitches less clumsy and ensure that the cut faces of the nerve are neatly trimmed but it can only help the surgeon to match fasciculi if no nerve substance has been lost, and in this respect can only really be applicable to primary repair as the pattern of arrangement of the fasciculi within the nerve is known to change every few millimetres.
Attempts have been made to do this by studying the relative positions of particular fasciculi, at least in terms of which carry mostly sensory and which mostly motor axons, and maps of the cut surfaces of the peripheral nerves at different levels have been produced. Hakstian (1968) has shown that by stimulation both proximally and distally in the conscious patient some identification of fibres may be possible. The development of micro-surgery and the use of the operating microscope have led to the technique described by Millesi (1972) , in which the epineurium is excised and peripheral sutures placed round the fasciculi. Using this technique no tension whatever is permissible, and if any exists faseicular grafting is performed.
In the light of these advances some suggestions can be made, which apply to the ordinary conditions of hospital practice.
We should be more ready to do primary repair, using some magnification aid. Though an operating microscope is unlikely to be available generally, if it is we should learn to use it. If the state of the wound, the nature of the damage to the nerve or the available facilities make primary repair unwise, we should try to limit scarring by isolating the site of nerve damage, as advised by McQuillan (1967) . We should be as thorough as possible in our attempts to produce the conditions necessary for secondary repair as soon as possible, by perfect skin closure, avoidance of infection, and active restoration of joint movements.
Primary repair is more desirable in certain situations in the hand than it is anywhere else, so now let us consider particular injuries. Digital nerve divisions
The Hand--Vol. 6 No. 2 1974 in the fingers should always be repaired primarily. The results are considerably better than after secondary suture. In the palm, also, primary repair is advisable. Damage to the median nerve, at its point of terminal branching, is difficult if not impossible to manage late. This is a not uncommon injury which can be caused by a small stab wound, and I recall a case due to penetration by a screwdriver. If this sort of lesion is explored late gross scarring has occurred and the surgeon is faced with a thick bulbous end to the main trunk and several branches. Under these circumstances accurate suture is impossible, and although, in fact, repair, when attempted, does seem to be followed by a degree of protective sensation, primary suture is far preferable. Repair of the median motor branch which may also be damaged as an isolated injury, or of fibres passing into it, seldom produces adequate reinnervation in the adult, but fortunately by the anomalies of thenar muscle supply the short thumb flexor often gets a dual innervation and this may to some extent compensate for true opposition. If not, there is much to be said for a tendon transfer, and this should not be delayed too long.
At the wrist, however, I would advise primary repair of the median or ulnar nerve only when it is an isolated injury, or at least when not all the wrist structures are divided. It is then I think better to suture the tendons, carefully appose the cut nerve ends, guarding against rotation, and when tendon function is beginning to be restored proceed to secondary repair. The reason for this is that if the nerve is primarily repaired it is so important to relieve the suture line of tension that the wrist must be flexed, and this inhibits finger movements and seems often to lead to a flexed wrist and a scar which is uncomfortable and heals slowly. In fact, it has seemed to me that when wrist nerves and tendons are repaired together the result of neither is satisfactory, and Seddon's results show little advantage in primary repair at the wrist in median or ulnar nerve.
All partial lesions should be repaired by perineural stitches at the primary surgery. It goes without saying that all acute and emergency surgery must be governed by the nature of the wound, the presence of devitalised tissue, the degree of contamination and the time-lapse since wounding. As in all other situations meticulous wound excision is vitally important.
Primary repair, then, should always be attempted in partial lesions, and in digital nerves in fingers and thumbs. It is preferable in the palm, in isolated wrist injuries and in children.
TECHNIQUE
Primary Repair
The only reason for not using a tourniquet is when the viability of tissues, especially of skin, is in doubt. It is not possible to do accurate surgery on nerves in the hand without it. Although doubt is sometimes cast on the danger of disrupting a suture line by bleeding and, therefore, on the need to release the tourniquet before closing the wound, I think that this teaching should be adhered to.
Very fine atraumatic silk sutures are used and a stay stitch, which also acts as a rotational marker, is first applied in the nerve sheath a little way from the cut. The ends are then minimally trimmed using a razor blade strictly at right angles to the axis of the nerve. The only reason for trimming the nerve at all is to produce congruent faces and sometimes this may be unnecessary. It is usually possible in palmar or digital nerves to use two and sometimes three peripheral sheath sutures. At the primary surgery with only minimal trimming of the nerves, if any, tension is not a problem and is easily relieved by bandaging the hand in the normally accepted position of metacarpo-phalangeal flexion. McQuillan (1967 McQuillan ( , 1970 has shown that isolating the nerve by a silastic sheath limits scarring and makes secondary repair easier.
Secondary Suture
In secondary suture operations, the nerve should be exposed above and below the lesion and at this stage direct electrical stimulation of the nerve in both situations may be most useful when there is any question of the extent of nerve damage. Though pre-operative testing and nerve blocking with local anaesthetic has been done we can still be in doubt at operation and a stimulator should always be available. If a functionally useful part of the nerve remains intact the difficult choice has to be made between sacrificing it and attempting a loop suture. Marker stitches should then be inserted to avoid rotation.
If it is clear that the lesion is complete, the nerve ends must be sectioned back to the unscarred faces using a new razor blade. It is easier to assess this in the proximal than in the distal face, but usually the feel of the nerve is a very accurate guide and I do not myself use frozen sections. Tubiana (1968) has developed plastic tubes of different sizes to support the nerve during section to obtain an accurate cut at right angles to the axis of the nerve.
Removal of the end bulbs leaves a gap and only if the primary surgery has failed to prevent retraction is this likely to be substantial. At the wrist a gap of two centimentres can be closed comfortably with no more than a few degrees of wrist flexion. Digital freeing of the nerve in the lower part of the forearm proximally and opening the carpal tunnel distally will usually overcome this gap satisfactorily. Freeing the median nerve proximally from the deep surface of the superficial muscle and drawing it gently distally can be done without in any sense stripping it, or risking its blood supply.
Fortunately there is only rarely any element of traction so it is unusual to be faced with a large gap, but any that needs more than about 20 to 25 degrees of wrist flexion to overcome it, without tension at the sutures, will need more extensive mobilising of the nerve. In the case of the median nerve simply flexing the elbow without any proximal dissection may be sufficient and, for the ulnar, transposition in front of the medial epicondyle will allow two to three centimetres downwards shifting of the distal part of the nerve. Seddon has given guidance on the extent of mobilisation required for gaps of different sizes.
In the lower forearm larger gaps may be met with, and if these cannot be closed by 25 degrees of wrist flexion and 30 degrees of elbow flexion further mobilisation will be necessary. If this has to be done for the median it is approached at the elbow as it lies on the inner side of the upper part of the antecubital fossa. Its branches in the upper forearm can be dissected up for several centimetres from the main trunk and made to run a horizontal or proximal course instead of distal. It is occasionally necessary to divide part of pronator teres in order to allow the nerve to bowstring. Digital freeing of the nerve between this and the wrist incision will usually allow it to slide down sufficiently. If a gap can only be closed by excessive dissection and joint flexion and if there is .any danger either of ischaemia of the nerve trunk or tension on the suture line then suture is best not attempted and grafting must be used. Any tension at the suture line must be avoided at all costs, and 30 degrees of elbow flexion and 25 degrees of wrist flexion is the limit beyond which post-operative stretching is dangerous.
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Nerve Gra [ting In the hand grafting is more likely to be necessary in the palm than elsewhere. It is seldom required if primary repair is done on all median nerve divisions at the point of branching and if primary repair is performed on all digital nerves in palm and fingers, but there will be occasions when either the injury has been overlooked or when the severity of other aspects overshadows it. In the palm, under these circumstances, it will not be possible to do a secondary suture as extensive scarring occurs and any degree of gaining length by mobilisation is impossible. Positioning finger joints gives no more than half a centimetre or so of slack. I think grafting using a segment of the medial cutaneous nerve of the forearm, or of the sural nerve is certainly worth doing under these circumstances. The sural nerve is approximately the same size as digital nerves in the palm and the proximal part of the finger.
When both digital nerves to a digit are severed, with the almost inevitable division of flexor tendons, amputation is usually preferable. There is no doubt that a useful amount of take over occurs in the finger when one nerve alone is injured and the results of any secondary procedure in finger nerves is so bad that it is probably better to leave the lesion untreated in the hope that adequate takeover occurs, or in vital skin areas affecting pinch surfaces, to use a pedicle island transfer.
At the wrist level too it is very rare to have to consider a nerve graft in civilian practice, but occasions do arise in the forearm when the surgeon is faced with a gap too large to close without dangerous mobilisation and the risk of ischaemia and excessive joint flexion. In the major nerves a cable graft will be necessary using sural or medial cutaneous nerve of the forearm. When planning the length of graft needed it is wise to have it long enough to accommodate the shrinkage in length which occurs, and Seddon recommends using grafts 15 to 20 per cent longer than the gap to be closed.
I have briefly mentioned already the work of Millesi. He advocates excision of the epineurium as he considers that much of the scarring arises here. If there is any question of tension he advises fascicular grafting, so that all tension can be avoided.
Other surgical procedures
Mention has already been made of the opponens transfer. In ulnar nerve lesions Brooks has advised transfer of extensor pollicis brevis into the first dorsal interosseous as an early if not a primary procedure.
SUMMARY
In the hand we should, in general, favour primary repair, but this should only be done if the state of the wound and of the nerve allows, and if the necessary surgical skill is available and the technical surroundings favourable.
